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@ Sternum buckle and applier. 

© An apparatus (10) for applying a buckle as- 
sembly (14) about split portions of tissue is 
provided. The apparatus (10) is particularly con- 
templated for use with a buckle (14) of the type 
having a base member (38) with an opening (44) 
extending generally transversely therethrough 
for reception of a first strap end portion and a 
clamp member (40) slidably housed within a 
channel (42) formed in the base member (38). 
The apparatus (10) includes a frame member 
(16), a mechanism (24) disposed in a lower 
surface of the frame member (16) for releasably 
supporting the buckle member (14) and a 
mechanism (18,22) associated with the frame 
member for advancing the clamp member (40) 
within the channel (26) of the buckle (14) to a 
strap securing position wherein the strap mem- 
ber (12) is secured within the buckle member 
(14) in a looped configuration about the tissue 
portions. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to surgical devices s 
for repair of split portions of tissue. In particular, the 
invention is directed to a sternum buckle applier for 
applying a buckle with attached strap about split por- 
tions of a sternum to maintain the portions in adjacent 
contacting relationship during healing. The invention 10 
is also directed to a buckle for use with the applier. 



2. Description of the Prior Art 

During surgery that involves a median sternot- 15 
omy, e.g., open heart surgery, the sternum is split 
longitudinally to allow access to the organs within the 
thoracic cavity. Upon completion of the surgery, the 
sternum is rejoined and closed securely. For proper 
healing to occur, the split sternum portions are prefer- 20 
ably engaged in face-to-face relationship and com- 
pressed together while the sternum heals. 

Traditional methods for dosing a sternum involve 
securing steel wires around or through the sternum 
halves and approximating the sternum by twisting the 25 
wires together. 

Recently, a certain amount of emphasis has been 
directed towards the use of band or strap assemblies 
for sternum repair. Such assemblies typically include 
a locking mechanism which secures a strap in a 30 
closed looped configuration about the sternum por- 
tions. One example of an assembly of this type is de- 
scribed in U.S. Patent No. 4,813,416 and includes a 
banding assembly having a curved surgical needle, 
an attached thin flat stainless steel band and a buckle 35 
mechanism. The sternum halves are brought to abut- 
ting closure by looping the band in position around or 
through the sternum portions and securing the band 
within the buckle mechanism. 

While utilization of steel wires and strap assem- 40 
blies have been widely accepted for sternum repair, 
certain shortcomings with these devices are appa- 
rent The use of steel wires presents problems to the 
surgeon during the operation and to the patient after 
closure is completed. Steel wires are difficult to man- 45 
euver and place around the sternum. The wire edges 
are often sharp and can easily pierce through unde- 
sired areas including tissue surrounding the sternum 
area or the surgeon's gloves or fingers. 

The strap assemblies known heretofore incorpor- so 
ate buckle mechanisms which are relatively structur- 
ally complex. For example, the buckle mechanism de- 
scribed in U.S. Patent No. 4,813,416 includes a sad- 
dle part, interned flanges disposed on opposing sides 
of the saddle part and a loop segment. The saddle 55 
part and interned flanges define a band slide through 
course for reception of a portion of the band. Aspring 
leaf extends upwardly from the loop segment through 



a slot in the saddle part The tip end of the spring leaf 
is narrowed to define a spring tooth or projection 
which projects through an aperture formed in the 
band to maintain the closed band loop in a locked con- 
figuration. 

A further disadvantage of conventional buckle 
assemblies for sternum closure is that they are gen- 
erally difficult to apply about the sternum. This diffi- 
culty is attributed in part to the relative small size of 
the buckle, which presents handling and maneuver- 
ing problems to the surgeon during use. Further, the 
locking mechanisms incorporated therein usually in- 
volve some form of manual intervention in order to be 
activated. Since the locking mechanisms are also, ac- 
cordingly, relatively small in dimension, activation of 
this mechanism requires precise and delicate man- 
euvering by the surgeon, which, in effect, manifests 
in excessive time spent in applying the strap assem- 
bly. 

Accordingly, it would be desirable to provide a 
surgical device which assists the surgeon in applying 
a strap assembly about split tissue portions. The pres- 
ent invention is directed to such a device. 

SUMMARY OF THE INVENTION 

The present invention is directed to an apparatus 
for applying a strap assembly about split portions of 
tissue. The apparatus is contemplated for use with a 
buckle member of the type having a base member 
with an opening extending generally transversely 
therethrough for reception of a first strap end portion 
and a clamp member slidably housed within a chan- 
nel formed in the base member. The apparatus com- 
prises frame means, means disposed in a lower por- 
tion of the frame means for releasably supporting the 
buckle member and means associated with the frame 
means for advancing the clamp member within the 
channel of the buckle to a strap securing position 
wherein the strap member is secured within the buck- 
le member in a looped configuration about the tissue 
portions. 

The advancing means comprises a clamping lev- 
er pivotally mounted to the frame means and engage- 
able with the clamp member of the buckle. The 
clamping lever drives the clamp member to the strap 
securing position upon pivotal movement thereof. The 
clamping lever includes two separated leg members 
at one end portion thereof which define an opening 
therebetween dimensioned for reception of the buck- 
le member. The leg members each have a partial 
longitudinal groove defined therein. The grooves are 
correspondingly configured and dimensioned for re- 
ception of respective side portions of the clamp mem- 
ber of the buckle member to releasably mount the 
buckle member to the clamping lever. 

The frame means defines an elongated channel 
in a lower portion thereof in general alignment with 
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the transverse opening formed in the buckle member. 
The elongated channel defines a passageway for re- 
ception and passage of the strap during a strap tight- 
ening movement. 

The apparatus also includes means disposed in 
the frame means for securely engaging the strap 
member received within the elongated channel. 
The engaging means preferably comprises a resilient 
retaining lever. The retaining lever is normally biased 
against the strap to prevent the strap from loosening 
after a tensioning motion thereof. 

The apparatus is also provided with means for 
disengaging the retaining lever from its engagement 
with the strap member so that the apparatus may be 
removed from the strap assembly after activation 
thereof. The disengaging means comprises a cam- 
ming pin slidably movable within a camming slot 
formed in the frame means. The camming pin is ad- 
vanceable upon pivotal movement of the clamping 
lever to engage and deflect the retaining lever from 
the strap member. Preferably, the camming slot in- 
cludes an offset portion dimensioned to receive and 
retain the camming pin therewithin such that the re- 
taining lever remains in a deflected position disengag- 
ed from the strap member. 

The present invention is also directed to an appa- 
ratus for applying a strap assembly about split por- 
tions of tissue, which strap assembly includes a buck- 
le member and an elongated strap. The apparatus 
comprises an elongated frame means and means for 
releasably mounting the buckle member to frame 
means. The mounting means comprises a pair of op- 
posed resilient leg members extending from a lower 
surface of the frame means which define a recess 
therebetween for reception of the buckle member and 
include inwardly oriented detents at lower end por- 
tions thereof. The detents engage with the buckle to 
releasably mount the buckle to the frame means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will be 
described hereinbelow with reference to the drawings 
wherein: 

FIG. 1 is a perspective view of the apparatus for 
applying a strap assembly about split portion of 
tissue constructed according to the present in- 
vention; 

FIG. 2 is a partial side view in cross section of the 
lower portion of the apparatus of FIG. 1 illustrat- 
ing the position of the clamping lever prior to ac- 
tivation thereof; 

FIG. 3 is a partial side view in cross section of the 
lower portion of the apparatus of FIG. 1 illustrat- 
ing the position of the clamping lever after acti- 
vation thereof; 

FIG. 4 is a perspective view with parts separated 
of a preferred buckle assembly for use with the 



apparatus of FIG. 1; 

FIG. 5 is a side view in cross section of the buckle 
assembly in a non-strap engaging position; 
FIG. 6 is a side view in cross section of the buckle 

5 assembly in an engaging position after pivotal 

movement of the clamping lever, 
FIG. 7 is a perspective view of an alternative em- 
bodiment of the apparatus of FIG. 1; 
FIG. 8 is a partial side view in cross section of the 

10 lower portion of the apparatus of FIG. 7, illustrat- 

ing the position of the clamping lever prior to ac- 
tivation thereof; 

FIG. 9 is a partial side view in cross section of the 
lower surface of the apparatus of FIG. 7, illustrat- 
es ing the position of the clamping lever after acti- 
vation thereof; 

FIG. 10 is a perspective view with parts separat- 
ed of a preferred buckle assembly for use with 
the apparatus of FIG. 7; 
20 FIG. 11 is a side view of another alternative em- 
bodiment of the apparatus of the present inven- 
tion; 

FIG. 1 2 is an enlarged perspective view of the ap- 
paratus of FIG. 11 and a preferred buckle mem- 
25 ber for use with the apparatus; and 

FIG. 13 is a perspective view with parts separat- 
ed of another preferred buckle which is contem- 
plated for use with the apparatus of FIG. 11. 

30 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring initially to Fig. 1 there is illustrated a 
perspective view of the apparatus 10 constructed ac- 

35 cording to the present invention. Apparatus 10 is par- 
ticularly contemplated for use in applying a strap 12 
about split portions of tissue such as sternum halves 
after a sternotomy, although one skilled in the art will 
readily appreciate the applications for apparatus 10. 

40 Strap 1 2 is secured about the tissue portions by buck- 
le 14 which is initially mounted within apparatus 10. 
Buckle 14 is specifically configured for operation with 
apparatus 10 and assumes a locked condition in re- 
sponse to activation of the apparatus. 

45 Referring now to FIGS. 1-3, apparatus 10 in- 
cludes frame 16 and clamping lever 18 pivotally 
mounted to the frame via stationary pin 20. Pivotal 
movement of clamping lever 1 8 towards frame 1 6 will 
cause the lower portion of the lever to pivot towards 

50 the forward end of the apparatus to activate the lock- 
ing mechanism within buckle 14. Damping lever 18 
includes two leg members 22 disposed at a lower por- 
tion thereof. Leg members 22 define an opening 
therebetween particularly dimensioned to receive 

55 buckle 14. A partial longitudinal groove 24 (FIG. 4) is 
formed in each leg member 22. Grooves 24 are di- 
mensioned to receive a clamp member of buckle 14 
to mount the buckle to the frame as will be discussed 
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below. 

Frame 16 further includes channel 26 which ex- 
tends from the lower surface of the frame to an upper 
surface thereof. Channel 26 defines a passageway 
through frame 16 for strap 12 to pass during tension- 5 
ing of the strap about the tissue portions. Channel 26 
is in general alignment with a strap receiving opening 
formed in buckle 14. 

Referring particularly to FIGS. 2-3, frame 16 also 
includes a resilient retaining lever 28 pivotally mount- 1 o 
ed within the frame adjacent channel 26. Retaining 
lever 28 is strategically positioned to securely engage 
strap 12 received within channel 26. Retaining lever 
28 is adapted to pivot between a generally open pos- 
ition (shown partially in phantom in FIG. 2) to permit 15 
passage of strap 1 2 through channel 26 during a strap 
tensioning movement and a closed position wherein 
the forward edge of the lever securely engages the 
strap to prevent loosening of the strap after a strap 
tensioning movement. Retaining lever 28 is resilientiy 20 
biased downwardly so as to assume it closed position 
after each tensioning movement of strap 12. 

Frame 16 also includes camming slot 30 which 
houses camming pin 32. Camming pin 32 slides with- 
in camming slot 30 during pivotal movement of clamp- 25 
ing lever 18 towards frame 16. In this advanced pos- 
ition, camming pin 32 engages the forward end por- 
tion of retaining lever 28 and lifts the lever from its en- 
gagement with strap 12. Camming slot 30 also in- 
cludes a slightly offset portion 34 (FIG. 2) which re- 30 
ceives camming pin 32 after the pin has been ad- 
vanced by clamping lever 18. As best shown in FIG. 
3, camming pin 32 is retained within offset portion 34 
of camming slot 30 to maintain retaining lever in a lift- 
ed disengaged position so that the apparatus may be 35 
removed from strap assembly and the operative site. 

Referring now to FIGS. 4-6, the buckle assembly 
to be used with apparatus 10 will be described so as 
to fully appreciate the operation of apparatus 10. 
Buckle 36 includes base member 38 having a clamp 40 
member 40 slidably mounted within a partial longitu- 
dinal channel 42 defined between the upper and low- 
er surfaces of the base member. Base member 38 
has opening 44 extending generally transversely 
therethrough for reception of the needled end of strap 45 
12 and an extension 46 having slotted opening 48 for 
securing the other end of the strap to buckle 14. Base 
member 38 also includes a second extension 50 hav- 
ing slotted opening 52 to secure a handle to the buck- 
le. A handle, preferably in the form of a looped strap, 50 
facilitates maneuvering of buckle 14 about the oper- 
ative site. 

Clamp member 40 is adapted for longitudinal 
movement within channel 42 from an unadvanced 
position (Fig. 5) to an advanced strap engaging posi- 55 
tion (Fig. 6) in response to pivotal movement of clamp- 
ing lever 18. The forward edge 53 of clamp member 
40 is preferably serrated to assist in gripping the 



wedged strap portion. Clamp member 40 also serves 
to releasably mount buckle 1 4 to the apparatus 1 0. As 
best shown in Figs. 2-4, the side portions of clamp 40 
extend beyond the sides of buckle 14 and are re- 
ceived within corresponding grooves 24 formed in 
the lower portion of leg members 22 of damping lever 
18 to mount the buckle to apparatus 10 in a suspend- 
ed manner. Preferably, clamp member 40 and 
grooves 24 are correspondingly dimensioned to pro- 
vide a capturing (loose but secure) fit between the 
two components. 

Referring again to Figs. 4-6, a downwardly 
biased resilient tab member 54 partially extends in 
the upper portion of channel 42. Downwardly biased 
tab member 54 is configured to engage the rear por- 
tion of clamp member 40 to retain the clamp member 
against strap 12 when the clamp is in the advanced 
strap engaging position. As shown in Fig. 5, in the un- 
advanced condition of clamp member 40, downwardly 
biased tab member 54 rests on an upper surface of 
clamp member 40. However, once clamp member 40 
is moved longitudinally to its advanced position 
shown in FIG. 6, tab member 54 is released from its 
contact with the upper surface of the clamp member 
to assume its normal downwardly biased position. In 
this position, the forward edge of tab member 54 en- 
gages the rear edge of clamp member 40 to securely 
retain the clamp against strap 12. It is to be appreci- 
ated that downwardly biased tab member 54 is con- 
figured and dimensioned so as to securely retain 
clamp member 40 in a wedging locking engagement 
against the strap without damaging or weakening the 
strap. Clamp member 40 also includes two leg por- 
tions 56 (FIG. 4). Leg portions 56 are engagable with, 
tab member 54 when clamp member 40 is in the ad- 
vanced strap engaging position of FIG. 6, to thereby 
minimize transverse movement of the clamp member 
and potential release of the clamp member through 
the sides of buckle 14. 

The components of buckle 14 are preferably fab- 
ricated from a bio-compatible metal such as stainless 
steel or titanium. Buckle 14 may also be fabricated 
from polymeric materials including acrylics, polystyr- 
enes, polycarbonates and styrene-acrylonitrile (SAN) 
copolymers and formed by known injection molding 
techniques. 

Strap 12 may be formed of any material suitable 
for use in stabilizing fractured bones or securing tis- 
sue portions generally. Typically, strap 12 may be fab- 
ricated from a wide variety of monofilament and braid- 
ed materials both absorbable and non -absorbable, 
e.g., catgut, silk, nylon, polyester, polypropylene, 
linen, cotton and absorbable synthetic materials such 
as polymers and copolymers of glycolic and lactic 
acids. Examples of such non-absorbable materials in- 
clude those fabricated from synthetic fibers such as 
polyesters, polyethylene, polytetrafluoroethylene 
and polyamides. A suitable synthetic material in- 
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eludes woven DACRON™ manufactured by DuPont 
de Nemours of Wilmington, Delaware. In the alterna- 
tive, strap 12 may be formed from a bioabsorbable 
material such as catgut or synthetic materials includ- 
ing polymers and copolymers of glycol ic and lactic 
acids. 

EP-AO 561 108, the contents of which are incor- 
porated herein by reference, discloses a strap or ster- 
num closure ribbon which may be readily adapted for 
use with the buckle assembly of the present inven- 
tion. The strap disclosed in this application is a braid- 
ed product having a plurality of elongated filamentary 
reinforcing members of ultra high molecular weight 
polyethylene fibers. The fibers may be plasma treat- 
ed to reduce slip characteristics of the yarn. The fib- 
ers exhibit strengths from about 375 kpsi (thousands 
of pounds per square inch) to 560 kpsi and a tensile 
module of from about 15 msi (millions of pounds per 
square inch) to about 30 msi. 

U.S. Patent No. 5,019,093 to Kaplan et al. which 
issued on May 28, 1991, the contents of which are 
also incorporated herein by reference, discloses a su- 
ture product which may also be adapted for use with 
the strap assembly 10 of the present invention. The 
suture product disclosed in this application is of braid- 
ed construction and is preferably fabricated from a 
bioabsorbable polymer such as a glycolide or a lac- 
tide. This product exhibits perceptibly enhanced flex- 
ibility and hand as well as reduced chatter and drag 
compared with braided sutures of known construc- 
tion. 

Surgical needle 15 (FIG. 1) may be attached to a 
first end of strap 12 Needle 58 assists in penetrating 
the targeted parasternal location and positioning the 
strap under the sternum and then outwardly at an op- 
posite parasternal location. A curved surgical needle 
is appropriate for sternum closure and may be secure- 
ly attached to elongated strap 12 by conventional 
means. The end portion of strap 12, which is attached 
to needle, may be tapered to facilitate the needle at- 
tachment process. 

Further understanding of the apparatus 10 of the 
present invention will be realized from the description 
provided of the use of same in securing split portions 
of a sternum together after a sternotomy. 

The application of strap assembly 10 around ster- 
num portions 60 (FIGS. 5-6) to effect sternum closure 
is accomplished by grasping the needled end of the 
strap and inserting the needle with attached strap 
through intercostal tissue between adjacent ribs at a 
first side of the sternum and then maneuvering the 
needle under both sternum portions 60 to an opposite 
parasternal location where it is exposed from the in- 
tercostal tissue between the ribs at a second side of 
the sternum. The needle with attached strap 12 is 
pulled from the sternum location until a sufficient 
working length of the strap is provided. The needle is 
introduced within transverse opening 44 defined in 



buckle 14 and advanced through the opening and 
passed through channel 26 of frame 16 (see FIG. 2). 
The surgeon removes the slack in strap 12 and con- 
tinues pulling on the strap in a tensioning direction. 

5 During advancement of strap 12 through channel 26, 
retaining lever 28 assumes a generally open position 
to permit passage of the strap therethrough. How- 
ever, release of the strap causes lever 28 to assume 
its downwardly position, to securely wedge the strap 

10 against a bearing surface within frame 16 to prevent 
loosening movement of the strap. 

Before completely tightening the strap about the 
sternum portions, one or more appliers with mounted 
buckle assemblies may be placed around selected 

15 parasternal locations of the sternum in the same 
manner. When several strap assemblies are in place 
around the sternum, each member is ready to be 
tightened. The surgeon proceeds in tensioning strap 
12 so as to join the sternum portions in an adjacent 

20 face-to-face relationship. Thereafter, the surgeon ad- 
vances clamping lever 1 8 towards frame 1 6 such that 
leg members 22 of the clamping lever drive clamp 40, 
which is releasably housed in grooves 24 of the legs, 
against the strap received within the buckle. Accord- 

25 ingly, tab 54 of buckle 14 is released from its engage- 
ment with the upper surface of damp member 40 and 
assumes its normal downwardly biased position (FIG. 
6) wherein the forward edge of the tab engages the 
rear edge of the clamp to securely retain the clamp 

30 member against the strap portion. 

During pivotal movement of clamping lever 18, 
legs 22 advance camming pin 32 within camming slot 
30 such that the pin engages the forward portion of 
retaining lever to lift the lever from its engagement 

35 with strap 12. Pin 32 is received within offset portion 
34 to retain the lever in this disengaged position so 
that the apparatus can be removed from strap 12. 

Referring now to FIGS 7-9, there is illustrated an 
alternative embodiment of the apparatus of the pres- 

40 ent invention. Apparatus 62 is similar in most respects 
to the embodiment of FIG. 1 except that the retaining 
lever and camming mechanism have been removed. 
Apparatus 62 includes frame 64 and clamping lever 
66 pivotally mounted to the frame about stationary pin 

45 68. Clamping lever 66 includes leg members 70 (FIG. 
8) defining partial grooves 72 for reception of the 
clamp member of buckle 74. Clamping lever 66 pivots 
to drive clamp member against the strap received 
within the buckle in a similar manner as described in 

so the embodiment of FIG. 1. 

Referring now to FIG. 10, buckle 74 for use with 
apparatus 62 of FIG. 7 is illustrated in detail. This 
buckle is disclosed in commonly assigned copending 
U.S. patent Application entitled "SURGICAL REPAIR 

55 DEVICE" filed on October 9, 1 992 under Express Mail 
Label No. TB11 5786682, the contents of which are in- 
corporated herein and includes base member 76 hav- 
ing clip member 78 pivotally mounted to an upper sur- 
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face of the base member and a clamp member 80 slid- 
ably mounted within a partial longitudinal channel 82 
defined between the upper and lower surfaces of the 
base member. Base member 76 has opening 84 ex- 
tending therethrough for reception of the needled end s 
of strap 12 and an extension 86 having slot 88 for se- 
curing the other end of the strap to the buckle. 

Clip member 78 and clamp member 80 both se- 
cure strap 12 within buckle 74. In a preferred embodi- 
ment, clamp member 80 supplements dip member 78 10 
in securing the strap 12. However, it is to be appreci- 
ated that both the clip member and the clamp mem- 
ber are configured and adapted such that each may 
independently securely lock and wedge strap 12 with- 
in buckle 74. In use with the apparatus of FIG. 7, clip 15 
member functions similarly to retaining lever 28 of the 
buckle described in FIG. 2 in that it is resiliently biased 
downwardly to engage strap 12 received within buck- 
le to prevent loosening of the strap after a tensioning 
movement thereof. 20 

Clip member 78 is adapted to pivot from an open 
position to permit passage of the strap through chan- 
nel of apparatus and a closed position wherein for- 
ward toothed 91 edge of the clip member engages 
the strap. It is to be appreciated that the resilient qual- 25 
ity of clip member 78 is sufficient to securely wedge 
strap 12 against base member 76. 

Apparatus 62 is used in the same manner as de- 
scribed in connection with the embodiment of FIG. 1 . 
That is, strap 12 is looped about the sternum and the 30 
needled end of the strap is inserted through trans- 
verse opening 84 in buckle 74. The strap is tensioned 
about the tissue portions to a desired tension and 
then released wherein it is securely engaged by clip 
78 to prevent loosening movement thereof. Clamping 35 
lever 66 is pivoted clockwise to drive the clamp, which 
is releasably housed within grooves 72 of legs 70, 
against the strap and to release the buckle. Down- 
wardly engaging tab member 90 (FIG. 10) disposed 
within base 76 abuts the rear end of clamp 80 to retain 40 
the clamp in the secured position in a similar manner 
as previously described in connection with the buckle 
of FIG. 4. The apparatus is then removed from the op- 
erative site. 

Referring now to FIGS. 11-12, there is illustrated 45 
another embodiment of the present invention. Appa- 
ratus 92 is contemplated for use in assisting the sur- 
geon in applying a strap assembly about split portions 
of tissue. Apparatus 92 includes elongated member 
94 which releasably mounts a buckle assembly 96 so 
within a housing member 97 disposed at a lower por- 
tion of the elongated member. Elongated member 94 
is generally bent at a location intermediate first and 
second ends thereof to presentthe forward portion of 
the elongated member in a position in which it can be 55 
readily grasped and maneuvered by the surgeon. 
Preferably elongated member 94 includes serrations 
98 to facilitate grasping of the apparatus. 



Housing member 97 is rotatably mounted to elon- 
gated member 94 to facilitate application of buckle 96 
to the operative site. Housing member 97 includes a 
pair of downwardly extending resilient leg portions 
100 at a lower portion thereof which define a space 
therebetween for reception of buckle 96. Leg portions 
100 include inwardly extending detents 102 which en- 
gage the lower surface of buckle 96 to mount the 
buckle to the elongated member to form a snap-lock 
fit between the two components. Housing member 97 
also includes a channel 104 which defines a passa- 
geway to receive the strap 12 during tightening of the 
strap about the tissue portions. 

Buckle 96 includes base member 106 having clip 
member 1 08 pivotally mounted to an upper surface of 
the base member by conventional means. Base 
member 106 has an opening extending transversely 
therethrough for reception of the needled end of strap 
and two extensions 110, 112 extending from the front 
and rear of the base member respectively. Extension 
110 has a slot for securing one end of the strap 12 to 
base member 106. Extension 112 includes a slot 
which may receive a strap handle 114 as shown. Clip 
108 is similar in configuration and operation to that of 
the corresponding element of the embodiment de- 
scribed in Fig. 10. , 
Buckle 96 is mounted to elongated member 94 
prior to application of the strap assembly about the 
tissue portions. In particular, downwardly extending 
leg portions 100 are positioned on the sides of buckle 
96 such that detents portions 1 02 form a snap lock fit 
to engage the lower surface of base member 106. 

In use, apparatus 92 with mounted buckle 96 is 
applied to the operative site. The needle end of the 
suture is passed about the tissue portions and then 
introduced within the transverse opening within buck- 
le 96. The needle and attached strap is advanced 
through channel 104 of elongated member 94. Strap 
12 is tightened to remove the slack and to bring the 
tissue portions in an adjacent engaged relation. 
Thereafter the assembly is tightened to a desired ten- 
sion and the strap is released. The apparatus is then 
removed from the operative site. 

Referring now to FIG. 13, there is illustrated an- 
other alternative buckle assembly which can be used 
with any of the aforedescribed apparatus, particularly 
the apparatus of FIGS. 11-12. Buckle 114 includes 
base member 116 having a transverse opening 118 
for reception of the strap and a resilient clip 120 piv- 
otally mounted to the upper surface of the base mem- 
ber. Clip 120 pivots from an open position to permit 
passage of strap through the buckle and a closed 
position to securely engage the strap. Buckle 114 is 
also provided with a strap adjusting member such as 
generally U-shaped resilient double latch clamp 122 
with latching legs 124. Legs 124 include outwardly 
extending detents 125, which detents mate with cor- 
responding latch engaging portions such as teeth 
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formed within the inner surfaces of base 116. Alter- 
natively, slots or any other suitable engaging portions 
may also be utilized. Each latching leg is resiliency 
biased outwardly from the other and must be resil- 
iency deformed when inserted within the buckle. The 5 
strap is secured to the U-shaped double latch clamp 
via slotted opening 126 and is looped about the tissue 
portions where it is advanced through transverse 
opening 118 in base 116. The double latch may be ad- 
vanced within the buckle to tighten the strap around 10 
the tissue portions. Double latch is retained in its ad- 
vanced position by the engagement of latching legs 
and corresponding teeth formed in the inner surfaces 
of the buckle. 

The claims which follow identify embodiments of 15 
the invention additional to those described in detail 
above. 



Claims 20 

1. An apparatus for applying a strap assembly about 
split portions of tissue, the strap assembly includ- 
ing a buckle member and an elongated strap, the 
buckle member being of the type having a base 25 
member with an opening extending generally 
transversely therethrough for reception of a first 
strap end portion and a clamp member slidably 
housed within a channel formed in the base 
member, the apparatus comprising: 30 

frame means; 

means disposed in a lower portion of said 
frame means for releasably supporting the buck- 
le member; and 

means associated with said frame means 35 
for advancing the clamp member within the chan- 
nel of the buckle member to a strap securing pos- 
ition wherein the strap member is secured within 
the buckle member. 

40 

2. The apparatus according to Claim 1 wherein said 
advancing means comprises a clamping lever 
pivotally mounted to said frame means and eng- 
ageable with the clamp member of the buckle, 

said clamping lever driving said clamp member to 45 
said strap securing position upon pivotal move- 
ment thereof. 

3. The apparatus according to Claim 2 wherein said 
clamping lever includes two separated leg mem- so 
bers at one end portion thereof, said leg mem- 
bers defining an opening therebetween dimen- 
sioned for reception of the buckle member, said 

leg members each having a partial longitudinal 
groove defined therein, said grooves corre- 55 
spondingly configured and dimensioned for re- 
ception of respective side portions of the clamp 
member of the buckle member to releasably 



mount the buckle member to said clamping lever. 

4. The apparatus according to Claim 3 wherein said 
frame means defines a channel in a lower portion 
thereof in general alignment with the transverse 
opening formed in the buckle member, said chan- 
nel defining a passageway for reception and pas- 
sage of the strap through said frame means dur- 
ing tensioning of the strap about the tissue por- 
tions. 

5. The apparatus according to Claim 4 further com- 
prising means disposed in said frame means for 
securely engaging the strap member received 
within said channel. 

6. The apparatus according to Claim 5 wherein said 
engaging means comprises a resilient retaining 
lever disposed adjacent said channel, said retain- 
ing lever pivotal between an open position to per- 
mit passage of the strap member through said 
channel and a closed position to wedge the strap 
against a bearing surface within said frame 
means. 

7. The apparatus according to Claim 6 further com- 
prising means for biasing said retaining lever to its 
open position. 

8. The apparatus according to Claim 7 wherein said 
biasing means comprises a camming pin slidably 
movable within a camming slot formed in said 
frame means, said camming pin advanceable 
upon pivotal movement of said clamping lever to 
engage and deflect said retaining lever to its open 
position. 

9. The apparatus according to Claim 8 wherein said 
camming slot includes an offset portion dimen- 
sioned to receive and retain said camming pin 
therewithin such that said retaining lever remains 
in its open position in disengagement with the 
strap member. 

1 0. An apparatus for applying a strap assembly about 
split portions of tissue, the strap assembly includ- 
ing a buckle member and an elongated strap, the 
buckle member including a generally transverse 
opening extending therethrough for reception of 
a first end portion of the strap, the apparatus 
comprising: 

an elongated member, and 
means for releasably mounting the buckle 
member to said elongated member. 

11. The apparatus according to Claim 10 wherein 
said mounting means comprises a buckle hous- 
ing member disposed at a lower portion of said 
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elongated, said housing member including a pair 
of opposed resilient leg members which define a 
recess therebetween for reception of the buckle 
member, said leg members including inwardly ori- 
ented detents at lower end portions thereof, said 5 
detents engageable with the buckle to releasably 
mount the buckle to said elongated member. 

12. The apparatus according to Claim 11 wherein 

said housing member includes a strap receiving 10 
channel in general alignment with the transverse 
opening defined in the mounted buckle and di- 
mensioned to receive the free end of the strap 
during tightening of the strap about the tissue 
portions. 15 

13. The apparatus according to Claim 12 wherein 
said housing member is rotatably mounted to said 
elongated member. 

20 

14. A surgical device for repair of split portions of tis- 
sue which comprises: 

a flexible strap member; 

buckle means comprising: 

a base member including a trans- 25 
verse opening extending therethrough for recep- 
tion of a first end portion of said strap member 
and having a partial longitudinal channel defined 
between an upper and lower surface thereof; 

dip means pivotally mounted to 30 
said upper surface of said base member and 
movable from an open position to permit recep- 
tion of said first end portion of said strap member 
and a closed position to securely wedge said 
strap member between a forward edge of said 35 
clip means and said base member; and 

clamp means slidably housed with- 
in said partial longitudinal channel of said base 
member and movable therewithin from a non-en- 
gaging position to an engaging position, said 40 
clamp means securely wedging said strap mem- 
ber between a forward edge of said clamp means 
and said base member when in said engaging 
position; and 

applier means, including: 45 
frame means, 

means disposed in a lower surface 
of said frame means for releasably mounting said 
buckle means; and 

means associated with said frame 50 
means for advancing said clamp means within 
said partial longitudinal channel of said buckle 
means to said engaging position to securely 
wedge said strap between a forward edge of said 
clamp means and said base member. 55 

15. A surgical device for repair of tissue, comprising 
apparatus as claimed in any one of claims 1 to 13, 



for applying a strap assembly, togetherwith a tis- 
sue repair strap assembly. 

1 6. A surgical system for repair of split portions of tis- 
sue which comprises: 

a strap assembly including buckle means 
and an attached elongated strap, said buckle 
means comprising a base member including a 
transverse opening extending therethrough for 
reception of a first end portion of said strap and 
having a partial longitudinal channel defined be- 
tween an upper and lower surface thereof, said 
buckle means further comprising clamp means 
slidably housed within said partial longitudinal 
channel of said base member and movable there- 
with from a non-strap engaging position to a strap 
engaging position; and 

applier means, comprising: 

frame means defining a strap re- 
ceiving channel in general alignment with said 
transverse opening of said buckle means, said 
strap receiving channel dimensioned to permit 
passage of said strap therethrough during a ten- 
sioning movement of said strap; 

means disposed in a lower surface 
of said frame means for releasably mounting said 
buckle means; 

means associated with said frame 
means for advancing said clamp means within 
said partial longitudinal channel of said buckle 
means to said st-rap engaging position to secure- 
ly wedge said strap between a forward edge of 
said clamp means and said base member; and" 

means disposed within said frame 
means for securely engaging said strap member 
within said strap receiving channel. 

17. Strap assembly to be looped about split portions 
of tissue to retain the tissue portions in adjacent 
engaged relation to promote healing thereof, 
which buckle comprises: 

an elongate strap; and 

buckle means comprising; 

a base member including an open- 
ing extending therethrough for reception of a first 
end portion of said strap member and having a 
partial longitudinal channel defined between an 
upper and lower surface thereof, said longitudi- 
nal channel having engaging means disposed 
therealong; 

clip means pivotally mounted to 
said upper surface of said base member and 
movable between an open position to permit re- 
ception of said first end portion of said strap 
member and a closed position to securely wedge 
said strap member between a forward edge of 
said clip means and said base member; and 

strap adjusting means for adjusting 
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one end of said strap member relative to said 
base member, said strap adjusting means includ- 
ing slot means for receiving said strap member 
and at least one latch portion for cooperating with 
said engaging means of said base member. 

18. The strap assembly according to claim 17 where- 
in said strap adjusting means is substantially U- 
shaped having a pair of resilient leg portions for 
cooperating with said engaging means of said 
base member. 

19. The strap assembly according to claim 18 where- 
in said strap adjusting means further includes a 
pair of latch portions for cooperating with said en- 
gaging means of said base member. 
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